Koshikamide A 2 (2) was isolated as a cytotoxic metabolite from a marine sponge of Theonella sp. Its structure was elucidated to be a linear undecapeptide by spectroscopic and chemical methods, together with enzymatic conversion to known koshikamide A 1 (1). The new peptide moderately inhibited the growth of P388 murine leukemia cells.
A wide variety of bioactive non-ribosomal peptides containing unusual amino acids 1) have been isolated from marine sponges of the Theonella genus, e.g., the cyclotheonamides, serine proteases-inhibitors, 2 ) the theonellamides, antifungal peptides, 3, 4) and the highly cytotoxic polytheonamides. 5) We have previously reported the isolation of the cytotoxic linear decapeptide, koshikamide A 1 (1) , from a sponge of Theonella sp. collected off the Koshiki-jima Islands of Japan. 6) Further examination of the extract from the same sponge afforded a closely related peptide, koshikamide A 2 (2) as a cytotoxic principle. We report in this paper the isolation and structural elucidation of koshikamide A 2 (2).
Materials and Methods
General procedures. Opitical rotation data were measured with a Jasco DIP-1000 digital polarimeter in MeOH. UV spectra were recorded by a Shimadzu BioSpec-1600 UV spectrometer in CH 3 OH, and IR spectra by a Jasco FT/IR-5300 infrared spectrometer. NMR spectra were recorded by a Jeol A600 NMR spectrometer operating at 600 Amino acid analysis of 2. A 0.1-mg portion of 2 was dissolved in 200 ml of 6 N HCl and heated at 110 C for 15 h. The solvent was then evaporated in a stream of N 2 .
The resulting residue was redissolved in 0.02 N HCl and subjected to an amino acid analysis which indicated the presence of Asp, Pro, Phe, and Arg in the hydrolysate.
HPLC analysis of the Marfey derivatives of 2. To the acid hydrolysate of koshikamide A 2 (2, 0.5 mg) were added 50 ml of 1-fluoro-2,4-dinitrophenyl-5-L-alanine amide in acetone (10 mg/ml) and 100 ml of 1M NaHCO 3 . The mixture was kept at 80 C for 3 min. The reaction mixture was diluted with 50 ml of 2 N HCl Enzyme digestion of 2. To a MeOH solution of koshikamide A 2 (2, 0.1 ml, 10 mg/ml) were added 1 ml of 1 M Tris-HCl containing 0.5 M NaCl (pH 7.5) and 10 units of carboxypeptidase B (Sigma Chem. Co.) con- taining 10% LiCl. The mixture was incubated at 37 C for 17 h and then inactivated by raising the temperature to 60 C. The reacton mixture was separated by ODS-HPLC in a Cosmosil AR II column (10 Â 250 mm; 30% PrOH containing 0.05% TFA; UV detection at 215 nm; flow rate 2.0 ml/min) to afford koshikamide A 1 .
Results and Discussion
The frozen sponge was extracted with EtOH, and the CHCl 3 -soluble materials in the extract were partitioned between n-hexane and 90% MeOH. The aqueous MeOH layer was subjected to bioassay-guided fractionation by ODS flash chromatography, with subsequent gel-filtration through Sephadex LH-20 and ODS HPLC to afford koshikamide A 2 (2; 0.003% yield based on wet sponge) as a colorless solid.
Koshikamide A 2 (2) had a molecular formula of C 72 H 112 N 16 O 16 , as determined by HR-FABMS. The 1 Hand 13 C-NMR spectra revealed its close structural similarity to koshikamide A 1 (1). The COSY, HOHAHA, HMQC, and HMBC data allowed the identification of one residue each of Asn, Arg, MeAsn, MeIle and MeLeu, and two residues each of Pro, Phe and MeVal, which were all present in koshikamide A 1 (1), except for Arg. The presence of a methoxyacetyl unit was confirmed by the HMQC and HMBC spectra.
The amino acid sequence of 2 was mainly deduced from interpretation of the HMBC data which exhibited correlation between NH or an N-methyl proton signal and a carbonyl carbon through an amide bond, while the sequence from Phe-8 to Pro-10 was assigned on the basis of ROESY data (Fig. 1) .
In the 1 H-NMR spectrum of 2, doubled signals for Asn-7, Phe-8, Pro-9, Pro-10, and Arg-11 were observed in the ratio of 1:1, suggesting the existence of conformational equilibrium (Fig. 2, Table 1 ). It was surmised that the two conformers arose from cis/trans isomerization of a prolyl peptide bond. Although the carbon chemical shifts of Pro-10 hardly fluctuated between the two conformers, those of Pro-9 differed significantly. The difference in chemical shifts of the -and -carbons of Pro-9 were 4.0 ppm for the trans isomer and and 8.0 ppm for the cis isomer, 7, 8) in agreement with the cis/trans isomerization of the Phe-8/Pro-9 amide bond. Interestingly, the amide bond between Pro-9 and Pro-10 adopted only the trans geometry. Similar isomerism has been observed in koshikamide A 1 .
6)
The absolute configuration of 2 was determined by the combination of a Marfey analysis of the acid hydrolysate 9) and enzymatic digestion of Koshikamide A 2 (2) exhibited moderate cytotoxicity against P388 cells with an IC 50 value of 6.7 mg/ml. The distinguishing feature of koshikamides A 1 (1) and A 2 (2) is the presence of a high proportion of N-methyl amino acid residues. Linear peptides rich in N-methyl amino acid residues have been reported from marine organisms; for instance, pupukeamide has been isolated from the cephalaspidean mollusk, Philinopsis speciosa, 10) and apramide A from the marine cyanobacterium, Lyngbya majuscula.
11) However, the presence of five consecutive N-methyl amino acid residues in the sequence is rare. Koshikamide A 2 (2) is present as an equilibrated mixture of conformers in solution due to the presence of the proline residues. A similar observation has been reported for patellin 2, isolated from the Fijian marine tunicate, Lissoclinum patella, which exists in two conformers due to cis/trans isomerization of the ValPro amide bond, with the trans isomer being predominant.
12) Koshikamide A 2 (2) is a homolog of 1 by extension with the C-terminal Arg residue, as in the case of criamide and hemiasterlin, linear peptides isolated from the Papua New Guinean sponge, Cymbastela sp. 
